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CQMNN M< xHOXSYNHM 
I F^ddoLtheJil^nt^n 

The pre?et« mention t» > . _c- > * <> 'tit ~jpm * u« .i 
j\KC,r'P t ^ ^Ac.Tr n no,<a i . n < aw ih , oa 
device and method thn detoounc the dita rate; of a received -pvd 

2. 1 As.: < ^ 1 , . > ^ \ : 

Code diMSton n-.ukeplo ^\,'« x fDMv n <a>u ' ? 5 v<uj\ au n »vs terns 
iiave t the coBvemiomi mobik cotnnunicu 

sv:;v- ■ r« voice service, w the IMT-2OO0 standard, which provides high-speed 
data i> " < >j IV \A - < * civ ipy"- > i*'B l ,v 

5 , gh qualit> voice movmg pictures, and , h*ow.n 

( , ed beivs en a neb, c stan >n and 

,n litcctit ui mu ncDi -ntjnn -cm ! ^ $ 1 rdmh t l i > 
atuvtr 1 m ^ i\ b e>o w . n f<o~, the - V ststioa 

the data may dynanncai > 1 , r ^ , % o oredekmito I 

time OA, 10 risec which lepend on i« >e of sendee. Usnalh information 

aho u pc da * jt - r n o V < .0 a 5 \c % < - r - ^ ^ . ^ ; U* s cvt % n, 

tlx t-c the i< • > thd.x ta , tee - - ahout the data rate, the 

rec c has > del* * r< e tecchy - smitted 1) 0 he 

«> s x „ »• d ree -0 ^hcre t*e u\ v \e 

d s the 6&u r te froi the received sign s c rnd rate t lection 
(BRDf, 

\ k-c v » e - ^c>oxs o; * N ' M to 

the pun : s > 0: it» * * * c e > , < ^ \ ^ 

coravolutional xfes for the pun: < vard erro rectic ~a 
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First, it is assumed that a set of data rates of voice data which a receiver 
is v mobile station) uses to service a transmitter (ce. :: base station) Is designated as 
K £R r ! i <• * ' l 

m act - lata ; < R re-pos ed b> the v awmittei the receh o performs 3 Viterh 
5 t cu ^ - M * ■ 1 ^ n > n\ I s n eL< 

red u < <« < d aw - x R v k ' > nnd the-' a 

(n! ,n I 5 an f ^ £ tit 

rate to be R. If the result of the CRC cheek lor R 8 is "had", the receiver continues 
a \ tk in deeoc t ri : te a t^ t se cm *<n - 1 at a d oa rate 

H) <R, R ^ |J t HU\Sds \Jn \ a? <w< i > ,k ^'tprn'i 

s ^rd'^u.i 5 v «vs <o r c-r i « ,r < >r ^ n r i i v o tnj 

-Z !M\<>' to th » h „*lv.\ 

^ s described at i at and hen 

$<lta checks ot tar t^ c ' a; ue - vu> : " eoc 1 ^,e^ou: TK BED 
IS operation, however, is not easy to apply in the case of dam » n >t using 
t ^h'N ecau c mhke \ v terbi at r t 

interna! turbo dc-wterleavcr the type of which is dependent on the data rate, 
t . , v nen the result ot CPo el k at a or ~x*<i ?ate :s "nad". the turbo 
decoder ieo tort-peat ; ira J u - 1 » the tirst cata rate in order to 
20 ; v C fot a next data t o > \ Virerbi c xler has only to read 

its to the next data re c an< 5 
reason why the BRD operation o madecpuate to the turbo decoder ts in that the 
turbo hnnn-c >s i wd- performed, r t ^ .o -.ah tec o ^ am n number of 
iterations tor a data rate being about 8 to lid which leads to an increase in 
25 conrcAa o 1 u_ a^iuue. hart del n ^hen the rera^e 

decccnw* , « < ' ^ • * 1 * *. ? \ - cksj ' Kt c.es 



i .y URN • *t I Hi iVM Ml ^ 

p w ;v;t>.w\ v iN n\t * l •> x ^ >-"^ ,t }doue><md 

30 , * - i i- o recu. 
In forme on N-.t-hw- . n a mot „ w w\ ~ ^sicn 

lt { , t o ^ ^ «. p > v ? l k ^ .>r -te aoi 

u c s :i ^ v < - • . .re > 
coded data. 
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v» " o < \ ^ <• t « 

t < f f v m o on t < Js 1 > ^ v ee >. 

coded or turbo coded data. 

II is at nothet object of the pre ent in n o pro de ? da ec am! 
5 jrti.no * rc N r i s, < , e i o , , \ >i\«o> 

receive mfomiation about the data rate. 

> o I r < > deteedt 

device is provided > » detects a data rate lor a teeeeved signal based on a variation 
of the enerco/ for the respective received signals between die two adjacent intervals 
10 £>i->s ^ > > > ' J 1 *^ ,f *»* ri' 3 

j m-ratiois. 

h h'^ n a;wcooo< t i ^ .:iroohi\uf 
a i s ^ s <^ ~ ^ - < N n - ^ ^ r, o s - >< 

15 uvroo s % s N cl 

t s an integer and 

is less that? n. If the diii 

equal to a threshold, the device detetrcornes diet die received signal rn the (rH)hh 
n m ^ ! s tr*n * < ed a; <j rt a*j ui »e i/lh 

20 



BKii I }>I m eirUO\ " MH< V\M * 

\c t - s of rh eser, 

nvcTso.cn ved 5 b tio rn * < \ < «. ♦ d derenptso whoa 

25 1 N Ct CCS! 

\ v \ * \ » i , „ ^ . n a * -oh 

eonamnk, o ox'en id i . < » * 'v') the 

p v sei t r M >i 

n% data rate de *tk> in 

30 iccoxiru cor 1 r> ^ ^ 

Fig fetatkd blocl tg.no atuig d e detettot ?h< s 

m Fig. J ; 
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' 4 is i low h ( 1 ustra g the < s 1 rate cist 

speranon in a< mcdea x: \ * tin present invention and 

Fig. 5 is a Ooxv chart illustrating the f ib interval data rate detecting 
operation in accordance with the present mYenimn 

J 

m t wit o mi m uip i u ^ ui i hi rum ma h i MBoimn b> i 

Turning to the drawings, a preferred embodiment of the present invention 
uAs x > d,t -^b > < A » - - 

the foihvvin ! { 1 cbmer net - i o oi ire n< lesenbed 
30 v , v f > ^ " * » i -a v n 

Fie. 1 is a schematic block diagram of a decoder of a mobile sration 
in >n» «r i « * t m in 

sccordanc i x r ) he inve > ' my CDMA 

mohe vvnirnir'^iKT, o.vMJ. such as rame \ rmmlc mono , j u on 

: ict>rrgmh<e < do t > ^>>> 

mo \ I k f m i oi >x ; 

hn emmetm CC eMrum uova re demmrleaxtd narn V on camic a 
discontinuous transmission mode received from a base station m a discontinuous 
20 n. j nivMo -T 'be i m'\> ,e;ram;r icmma *\*ietn Oam mm dun 

dmVc * tn . n \ i«» mm dm i i m m d< 

de- interleave!' 110. idtimateiy detecting me rmc . r . mceim t data open the 
5 o to receive inmrinaden regarding the data rate. Specifically, the data rate 
oicctor : do me - ! i soma idea 

25 s mix .b ,m<< v m m < i. * i: m. m. I < ^ 1 a e-o It of 

eemn >m o r " -m » d i i i aiAVrlv- 

s applied t at - z bloc at a channel decoder 1 4( me rate 

« m r < loc . V mcc ' - m\ ' » mxrm 

< <. , N n - ^ vr m " > m? i c 

30 ,-m > « . - P ,m>> J* >det 140 

decodes the rate-matched symbols received from the rate matching block 130. The 
^ , t s u, m ~m m v x > n mi ^ > e^ m mrbo 

lecode The mte match eg hm>t,~ >! r m cdamm mvm - sc the data 
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rate information received from the data rate detector ISO to perform rate matching 
n i channel deeod i \ aerations 

Fig. 2 is m ill explains c >peraUoxi o the 

present invention performed at the data, rate detector 1 50 shown to rig. L 

5 hi « s 1 i 

Matte s^cu 1 \tu < > . N \ ' \ «^ei »xn u dtow t ua 

fm\ d A „ha v m t!te : - " ->* ~or x ^ ^ >' ' v t «. (1 n -ea jnearx 

v j , 1 X ! , i X t Tt tlOlU 

symbols'' is substantially mxrehangeahle u ah the term "data rated 

10 f lB 2 show* a aaae where the ! ast stai >n u $ Canute c ■rreeti> transmits 

data for intervals 1 to * but fails to transmit data between intervals 4 and > The 
dam ribols the trans - > ntervals > 4 are debmcr caved tt the i 
li{T « oas id . n r ' hat t b the 

DTXtDxeontumous Tnweuwuxi bit extractor \Z Between the micrvals 4 ^rd X 

15 the base station tmnsnutmr send. DTX bits in a DTX mode. For sneh a DTX 
r has st tr u no n i d sa-les the it o on ^ > 1 n 

ti, , u Gau^ian u>h? j W < -\ e\«h V., I u - ax mte i> X, or tK D T \ 
mtena ? Ao suck the present invention uss? a thud - » - r-ple that 
mvo ves deter ni sat w ! j presence >£ t e data in suhst i on 

20 intervals for data or data rase information end ultimate!} detection oi fi t dam rate 

Soy < v a t pi o; o 11 be * t; to lie me pic t ; th; iuta no 

dexax »i ^ m , i, mn » 

t xc- m - K t e i d ard \, i tnh 

if , r n v , 1 * m 

25 ny data nm orm the a sign \ eon t smi it V, or R vvOben 

the rven-o < r >r> ut - n I v b t -x<vaxx> \ \ and the teeetvod 
! \ p-> ! * -a t v <. 

ex >res ed h) 

[Equation 1] 

50 X t * A,xa t *t> } 
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In Equation i d and A 2 represent trans miss? on power levels of the signals 

f e- > v , n - ^ . m - on o , ! A ngr>a ; e; " i o A X \ a; o 

E.ayicigb random variables having a probability function of 

5 pu ( - 1 or fu ! vo- respectively; and n, and m 

i d ~ ! n 3 tb -sK 

e trammi » t < , w t - vow pn u at 

' i ' s i 

[Equation 2} 

The > i > \ \ , t t '] t 

if. N 

in Eqnation 3, if Ay ~ : ' D ; is AA; otherwise, if Ay - 0 * e for DTX), 
D-j is "A * i 1 c hcs 

v J>« uv>- ^ , i m> beta one ;o R A heron as , o ^ \ v 

The above epnadons can be applied only it hie secondary probability 
20 v n i>? o j 

functions pdy) and p(a 2 ) of the Raykdgb random variables, b is of cause assumed 
that the vwoou; variables is not time varying, for- reference, die nn 
sir f *' e "pt n ^ L OvOv< > rw- I \ i v ; can be 

calculated from a given mtorvm-based energy of me wcvw.uw; reeerved signals. 
25 Ik" ^ ! ■> av aw K - v - "w . ? -mm w d - 

s t , , s<o v *-< , " w \? , data rate roa\ K 
dole irikd >< ><-i d,T ' - v !"rsh sj 

oe r ess n me mter ,» r<- A: Z tats 



The ve- state ia i cti \ ope - a be gene as 

3d follows, 
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First, it k assumed that 5 sei of serviceable data r ues is designated us R 
R d. . R , in which the data rates are listed m the ascending order. 
- — * u &boui !<■ s- "i! < data rates ;s cadeci d~ ^ t format - i dfr ' 
n s i t < s an<v : e al pbase I ^ \ c . 

5 ? i i ? a ^ d i ? w e^ ^ 

and (n-i)i ' i ; v. v s ore i 

' d >r 0*1- da t 

rates are defined as Mu', intervals, 'The data rate of , received signal 

r i d is d blc For mst gv of the received 

10 si s f i s s N r r u a e^ 

Ml"* t " % s \ . v s ^ I. * 

the received signal for the di-HVth narervah 

Now, the operation of detecting the data rate of the received signal for the 
IS iddl i f i > ' ^ \ 

Ds s C, i ' - > T> \' £ 

[Equation 4] 
X; ~ A, xa, 4-n, 

In I { rr^M i I - ( s 

2d ui ^ ! ' ^ * ^ 

XTX: an< <: the A WOK t in o s 

ha i * 1 ! v-iici.un caa 

h oca ! ^ t * \ v it 

do s>;c?v s X od , e . • ^ 1 :u ■ - * are- J is X H {> trie 

25 u< e ra e ^i 1 ori v »* \ j -v -e < ec wnus 

gives Fd. as rngr>seee b- 

(Equation 5.1 

D E{Xfd-E{>d ( - a : \J 

! a dg^ i r s * ' 1 ' e i 'b 

30 ? > \ e: I s a v ^ s * t a* - i 

the ; td iiOfav-a hut i ^ transraotcd r >r> a. i to a- ua ' i • P * < * , ^ "d t , j \ 

\ i ie; N „ a f-r 'a dm t \ ™ a *hc n~o 



as iheac u\ data r ne fc d ~ T im il n *ter 

Fig chen bS< i vera i of rhe <. ■> ecu: 50 shown i$ 

fsig La *h,t N t ^ik « r » s ^ .ic on \naa.e in 

5 rergy ciii i $ and a data ra i 

Referring to Fig- \ <e«- energy caicidator 052 measures energy I f fbr .3 

> » « ' j 'Of- v 4 ^ 

* * N v ^ ' t 152 
accuiBuIat.es the received signals up to the n interval and the received signals up 

10 < > -sa t s v v , " s e 

-jgjsals \ and \ . evo> > r ui, , -v ^ 1 ^ - ,< * > 
ci: 1 - : - : . - -i\ 1 - ; h \ , 

il asvau . < 

E J^| X ; dk 

flit c t « n<i i b4> s .a . t i v vim I i *- * v " cj? 

in Leu j * i 'c ^ en > o I \ akn be 

^\^e-^ 1 0' ' ; < - ,i \ v - - i.H 1 j 

t » ' v. a~ \ * the 

id > u v s . o <-nk 5 ! t f n e<i u? :Lc 

vO <iv I ^ . Ox « ^ t . > n the 

transmission data using the energy difference D calculated at the energy 

1 <• a 51 ! * ' rate 

,0— eoi block 1^ nerrr 5 - - - i ^c~< n » 'Vieaeufthe 
present 1 > iransnnneb data. 

x MM 1 <a . > „ , < * < - r < 

-;ht- energy e i between rhe two intervals as > . 1 > D is *' N or \ t 

s t th liffere; se > a probi rg riabic. where 1 )iu 

30 <p tstion of j ansiles a - - - ! u, ^ N - : ; - > Th\i 

I X \ v!\ ^1 top I <. f 

*c\a.C(\i ~;:^a * ! i t - - .1 ■» e ^ v .» the daia nn \ o»c 
rar vi. " s h e dr i, :\ 1 * ;i rate k, 



20 



* i < v. " I<h ^ ^! -v* < t t ( vJ ,n t k 

r ~ " a \xt \ -. , as - ce « ^ *H t 

vi " i ! i <• e ^ i^wnvak'&c 

s t r ' ar<d Ay he s A N w< - ir-<\rnn; o> ' 5 * rv y ere \ 

5 kl t l > , < \ f f " ! Vi\, u v W; >< V 

tr&nsmittex * nd v I 3 ia f the transmission po* - cc zi a 

1 5 5 j * I * < \ ! So 

5< P ; h l < s « > n 

Fig. | , 

10 o^ ? ^ f e „ , an 

t n * ~ i * ! X OS * 10 "!i 

n$ 1 y - Fig. 4 is a flow chart Fhistranng an operauoe of deteenng the dam rate 
t^o t 5 ! t - „ > two 

adjacent intervals, the eth and (vd Fth aaenohs. Fig, 5 ;s a flow chart illustrating 3 
15 > , tl 1 1 r ^1 

Referring to Fig. 4, the data rats detector ISO shown m Fig 1 calculates 
the energy difference Fi between the two adjacent intervals for each iteration and 
1 ct ^ i , r < 3 x*. f i ene^i) 1 < U v. \ N °h , date rate 
ieeecior 1 50 esutn e * i jai data rate 1L S 

20 n step 405, ^ , ihe energy difference ^ v greater than er equal to the threshold 

value. 

> , , ' < V. x . 

received signal x herweet- the (hi )hh interval and the ■ hh interval, in step 40 1 , : eei 
^ k - or - x -n 1 » - i e , egx 

25 > * a 5 - « ud the 

pt- r- X; h inter x a! and c u 1 v No - ; - , 5 s \u \\-> 

402, The energy diitereruestot 154 calculates an energy difference betw een the two 
adiacein interval > :f. ney hot Than as, the eneray dh'tereriaaor 1 F4 delerrmnes Ova 
- nee > m. ^ah: P^PgK ^-EfX^pl As 

30 previously stated, the energy difference can also be expressed as D, »|a, ? ~A (ti '| 

si* < \ 1 x v0" * ^ ^rxacv 

o ^ act the nx i - ^ <. ^ a . 1 u » i ? 

whaae* the eo f . . er > <. 

A" 2 When Ore ercrg n . ^ u e ^ cvi" v "ivejJt\aIv 

35 A s is the data wu h for ht 1 th t 



> k i otu \n, are R ^ a N a car. era * * area ; >iep !0 The 

< mi i -vd uaai i „ « p" ■, .c m , ■, . I r > 5 * i i , 

block 130 and the channel decoder 140, as shown r Fig. 1 and used for rate 
t „> ! j i>j > <•, < ng operations, 

5 i n i* » i N » «. s v, tf e << < 

to * v u r , \ ; } > - i c » s n a^ the 

average power for Ore search interval h i.e., first calculates the average power for 

10 s t * r % amove! ,n o th 

OJT1 ' 5 I I ! U 0 Ivs 

block l ab deterurmes In step 504 that the result of discriminating equation f \ , is 
greater than or eqrao to the threshold volue \ (where, the data rate means "0 ,s 

' £y-> >s 1 fk s , ! s 1 S 1 J * J 

15 of v\ < - x KP'oie 5 H 1 (' , n tq -s d 

Otherwise, i.e., if it is determined in step 504 that the result of 
< |u t\ ^ »> ss i«"s tl - tn see m. S d th a t cue 

decision block 1 5b stores the average power r \ for the i„ i etc * J in the 
average power } t \ - for the previous interval in step 505, and increases : by one 

.20 m : , l s' in < w $ m« n s i p >fi 

calculates fa iIkkmi' o, the average power in Ore interval i 1 and then stores 
the calculated average power in the average power bdXb; for Ore current interval. 
} }\ gov a ta r ^ e~ ^ ! s > ) » . 1 4 - ,c 

o ! di i ■)>- x ! > w- U, i d v ^ »lre la 

25 > s » . - > * * 

% 1 ' i >d as T) > M\2 

o step 504, the data rate decision block 15d estimates > data rate ffo, of the 
uinert 'oaww. soo-roa 0 u< a a ;m a> ro-., 

v, - •> ^ ' t < i i > t w 

30 r a )' >u aeecar^ t < , > ? i * a o< i ou tie 

fa - - receiver the ba i - hieh red? the 

ompkoat) i red 1 c< iti * era ehich d? 

o^ ^ * I s ^ <u 4 r.K eb 

cak' 1 r * r n led data \\ t the i « 

35 e! ^\ v t erat he worse cas^ as the t 

nnn\ber of iterations 
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Furthermore, the present invention determines the data rate using only 
~a i is v !™ w dv , nantiel encoder and in ni > 

<> 1 4 vitr r ; < e xampk \ ui m n - 

St- . \ « x \n' >id 1 1 v 

Whii te mvens w ^ee: dio^o a : described with reference to a 

r m > ~i - - * j <■ ' in, 

tii n he - » i \* k ♦ ^ ^ > - 1 v i v 1 > V t s 
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WHATISCI AlMl IMS 

L A method tor detecting a data rare r a mobile commiorbcaieon 
system, comprising ihe steps of: 
S divid I nerval defined as between a - s ) h die om oi a 

plus hi tp:one:mme N i > no sow ra a^csra- , a r.y ; - fx u -serem m is 
an rntegcr; and 

i ' . r a difference between an average energy of received signals up 
to an i ah di scrim n ei ;u in a vera s \en eceived signals fo an 

10 i i * ! * > u « t , u > j s " o m n . 1 * a ^ L'n 'i r n , rd 

x K j v v n i v. c" 1 * < 

to a t 1 - : f » t < s \ n ! n the i»* m 

A vu l . - N 1 ^ if th 

dsrenni r. v\ ; i ne \ a 

IS 

2. i i reahold valne 

oitlr ruv ,d 

Mgn.il :;iut Me M h- m ana "O' U 

20 :3d A -a I ' : lata ? t mobile ec nmunication 

system, in i an ir t \ s ighest one of a 

\t a - » < . » - ^ ? t k * c * 

a; \ an mwgeo d;e . ^ > r < 

,-< < - N s. v < , „ m x ■. a 1 

>S up . < t^ v >v " ! > : -a v ^ ^< oa t<$ 

vu * - \ > < -< no >, a i a. > a^ar„r; 

an energy differentiator for calculating a difference between the average 
energy of received signals up to the ? i mterva] and die average 

energy of received signals for die (rM)dh diserirninaoag ntteraal; and 

30 a data rate deeismn Mock for * m > a data a e - t i h to rhe 

hod discriminating interval as a data rate for the received signal \ the (i-d Vth 
discriminating interval, a hen the difference between the average eneram.o 
v x e t a energy + - - . * e- a * - ^ 

35 4, b- arM i > c , > n f < v ^ .cod* 1 i ; <n 

hi ha 5 ep \ a s i sn - i e; it he receive 
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*» V metlii d on a w * - s on 

^ ! > " \ > i * » ~s > s ~> . tat x with 

•~> 5 << > c rail as won a ceat 5 nob 

a ' ! * l U ii'i c * 

5 1 « < n-' ! 

(a) dividing an interval denned as between a lowest, and highest, one of the 
plurality of data rates into m ; a uUervaLs, wherein m is so mteger; and 

ed s e< s x> d x k a 
first s n 1 0 " out of the in dwcrurimanng internals; 

second discriminating niierwh next' to trie no; discnrnrnaong interval; 

(d) calculating a difference between' the average energies obtained rn stags 
(b) and (e); and 

! esnnaaong that ore received signal hbr die second i ^ n w 
15 r 1 wen ignal io the 

bwv i.w: < . \ ^a anr gun - 

10 hr, x 5 1 - >ae, or 

> v „ i 1 ne ^ . 1 - - , > -wi 

when the difference between die average energies n greater than or equal to the 
20 threshold value,, 

the steps (b) to o * • the reee.i 1 nev - set 

K - 1 rtew t 1 oe r< ml K Ai r.^>\ * 
value. 
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